In this paper the simultaneous measurement of IR spectroscopic imaging and temperature fields are proposed. First the experimental set-up based on a multispectral monochromator in the IR domain and the methodology will be presented. In this study, the absorbance characterization of the camera detector is shown. Then, by coupling such spectral source with a classical IR camera, images of both the temperature in proper emission and spectroscopy in transmission are presented. The preliminary results show that there is no obstacle to measure simultaneously the temperature and concentration fields as function of time. Then, with this tools it becomes possible to envisaged both thermal analysis (thermophysical properties estimation) and chemical analysis (kinetic) of chemical or phase change processes.
Introduction
A multispectral imaging spectrometer is an instrument that can simultaneously record spectral, spatial and temporal information of a sample, by studying the intensity variation of the signal as function of the time due to molecular vibrations. In fact objects are composed of vibrating atoms, and some of these atoms have higher energy and vibrates more frequently. The vibration of all charged particles and atoms generates electromagnetic waves. When the temperature of an object increases, the vibration of the atoms gets faster, and thus the spectral radiant energy rises. As a result, all objects emitted radiation at a rate function of the wavelength distribution in accordance with the temperature of the object, its spectral emissivity and chemical nature.
This kind of information is of particular importance because chemical and thermal properties of materials are strongly coupled in many applications. Chemical characterization is typically achieved by using analytical spectroscopy methods. Most of these techniques have proved to be well adapted for quantitative measurements; also they operate by scanning the surface of the sample to achieve the characterization. As a consequence, considerable efforts have been made in the past few years to develop multispectral imaging instruments [1] [2] [3] [4] . The main purpose remain to be able to read the chemical contents on each pixel of the images through the visualization of the sample composition.
In particular, InfraRed (IR) spectroscopy has characteristics advantages, such as: fast (one minute or less per sample), non-destructive, non-intrusive, high penetration of the probing radiation beam, suitable for on-line use, and almost with nearly universal applications (any molecule containing C-H, NH, S-H or O-H bonds). The combination of these characteristics with instrumental control and data treatment enhance the domain of Infrared Technology. [5] [6] . Many studies regarding the evaluation of the near-infrared (NIR) spectroscopic imaging as a tool have been published: pharmaceutical applications [7] food [8] , polymers [9] characterization or even to quantify the hydrated silica on Mars [10] .
In this paper an IR broadband monochromator (from 1 to 21 µm) and MWIR InSb infrared camera (from 1 to 5 µm) will be use. First the experimental set-up, the measurement methods and the data treatment will be presented. Then, experimental results consisted in the characterization of the infrared detector overall the wavelength is done. Finally, the first results of the simultaneous measurement of the temperature and spectroscopy information during a heating process of electrical resistance is proposed. Further, with this original Infrared technology allowing to simultaneously measure the infrared spectra and temperature fields in the Middle Wave InfraRed domain (MWIR from 2-5 µm) approaches on chemical reactions or physical processes can be engaged.
Experimental set-up
The multispectral imaging instrument used in this study is sketched on figure 1. It is composed by a Bentham spectrometer for the sample analysis, which is equipped with a multispectral lamp (Nernst and halogen) emitting from 400 nm to 20 μm and three gratings mounted on a rotated turret to mechanically select the wavelength. In this application, a grating of 150 slits is used to select a broad infrared band going from 2 to 5 µm by 1 nm step. The diffracted light is transmitted through the sample and recorded by an infrared camera FLIR, SC7000, In-Sb focal plane array of detectors (2 -5.2 μm, 240 x 320 pixels, pitch 30 μm) with a 25 mm objective MWIR F/2 (space resolution about 200 μm) used as sensor. In transmission mode, the camera is placed behind the sample. The sample can be thermally regulated (with PID system) by Peltier modules from -5 °C to 70 °C for an accurate and under control cooling and heating.
Fig. 1. Scheme of the experimental set-up
The acquisition frequency of the IR camera was synchronized with the mechanical chopper of the spectrometer (figure 2). This configuration enables to record two different images: one with the thermal and spectroscopic information (when the chopper is open) and other containing only the thermal information (when the chopper is close). Both images were grabbed and transferred to a computer by a frame grabber. Homemade software written in Matlab language was used to control the frequency, but also to scan the wavelength domain of interest. The same software also facilitated the frame grabbing and saving data in appropriate formats for subsequent analysis based on a two images methodology. 
Fig. 2. Mechanical chopper placed inside the spectrometer is used to achieve the acquisition of two different images. When the chopper is close the light source from the spectrometer is cut and the recorded images of the sample contain only the thermal information (proper emission of the thermal scene) measured by the detector of the camera (IE). When the chopper is open the light source from the spectrometer is transmitted through the sample to the detector of the IR camera, so the recorded images (IF) contain the thermal information (IE) plus the spectrometer one (IS).

Experimental results
Characterization of the infrared sensor
First, to calibrate the camera sensitivity overall his spectral range, a first measurement of the incident multispectral wavelength of the spectrometer was performed figure 3. It is important to notice that the camera intensity level is strongly dependant of both the integration time and the frequency acquisition. For this raison, the measured spectrum is normalized by the maximum value overall the range as well as the subtraction of the initial baseline due to the surrounding temperature.
A B Fig. 3 
. Absorbance of the FLIR SC 7000 MWIR InSb camera detector: a), image of the spectrometric beam at 4 µm and b), average of the beam as function of the wavelength
Simultaneous measurement of temperature and spectroscopy
The total radiation received from any object is the sum of the emitted, reflected and transmitted radiation. Objects that are not blackbodies emit only the fraction ε(λ) of the blackbody radiation, and the remaining fraction, 1-ε(λ), is either transmitted, absorbed for opaque objects, or reflected. When the scene is composed of objects and backgrounds of similar temperatures, reflected radiation tends to reduce the available contrast. However, reflections of hotter or colder objects have a significant effect on the appearance of a thermal scene. To illustrate this purpose, a specific sample which is an electrical heater figure 4.a is chosen. The main particularity of the sample is its constant emissivity. In fact the sample is composed of metallic thin layer embedded in a mica matrix. As a consequence, the sample can be warmed up by the Joule effect given by the metallic layers. The second important point is the relative transparency of the mica in the spectral range between 4.5 to 5 µm. To illustrate that the simultaneous temperature and spectroscopic measurement are possible, a square electrical power was applied to the heater and by using the two images technique (describe before c.f. figure 2 ) the intensity variation of the sample are recorded. The results of one pixel of the image (px = 53 and py = 88) is plotted figure 4.b as function of time. It is clearly show that two regimes occurred, the first at the bottom of the graph where only the proper emission of the sample is measured and a second (top of the graph) where both the proper emission and the spectroscopic contribution are present. Figure 4 .c, shows that the measured temperature in proper emission for a given frame can be extracted. To take into account all the reflection and background problems the temperature of the frame number 1 (at room temperature) is also subtracted. This representation allows to recognize the proper thermal field of the sample. It is important to note that the temperature of the metallic plate is higher and quite homogeneous than the mica one, this is because the Joule effect occurs only in the metal. Moreover, thermal gradient is present due to border effect and to the inhomogeneous repartition of dissipated energy from the Joule effect. On the other hand on figure 4.d the spectroscopic field is represented at the same time (or for a given frame). Here it is interesting to see that the intensity is null everywhere excepted where the spectroscopic beam occurred. Moreover due to the high reflecting index of metal at such wavelength, the signal is only transmitted by the mica. The non homogeneous spectrum is due to optical problem already seen for the beam alone depicted by figure 3. More precisely if the spectroscopic field shown on figure 4.c is observed at different wavelength it is possible to detect a intensity variation regarding the nature of the material. Figure 5 sketches the spectroscopic field of the heating resistance at three different wavelengths, it is important to note that the intensity bar located at the right side of each image has different values. In fact for the three observed wavelength the nature of material reveals to have a maximum of absorbance between 4500 and 5000 nm, as illustrated on figure 5 .b and c. 
Conclusions and perspectives
In this paper the simultaneous measurement of IR spectroscopic imaging and temperature fields is presented. A two images processing methodology was proposed to measure both the temperature in proper emission and spectroscopy in transmission. In summary, it has been demonstrated that this spectroscopic imaging and temperature has numerous advantages than conventional spectrometers. It has, however, additional features that IR spectrometers cannot offer, namely, its ability to provide the measurement of the concentration and the temperature at the same time and at different positions with only one image of the sample. Moreover, it is possible to monitor the samples versus the time. In this case, the high spatial resolution and sensitivity of the InSb camera allow to determine the kinetics from data collected by each single pixel in the camera. Thus, with this tool it becomes possible to achieve both thermal analysis (temperature field and thermo physical properties estimation) and chemical analysis (kinetic) over four dimensions: space (XY), time and wavelength of numerous phenomena determined by this multispectral imaging instrument. 
